This is the first genetic analysis in Ecuador of Aedes aegypti using fragments of mitochondrial 34 genes, NADH dehydrogenase subunit 4 (ND4) and cytochrome oxidase subunit I (COI). A total 35 of 154 mosquitoes from 23 localities were collected in the Pacific coastal lowlands, Amazon 36 basin lowlands, and the Galápagos Islands from 2012 to 2019. The analysis of fragments of the 37 genes COI (672 bp) and ND4 (262 bp) and concatenated analysis of both COI and ND4 showed 38 two haplotypes (H1, H2) present in Ecuador mainland and the Galápagos Islands. The 39 phylogenetic analysis identified two well-supported clades. Combined analysis of both genes 40 from ten localities also resulted in two haplotypes. Nucleotide diversity, neutrality tests 41 (Tajima´s test D, Fu and Li´s F*and D*) and AMOVA analysis of the entire data set suggest 42 balancing selection for both genes. The results indicate genetic variation without geographical 43 restriction. COI-H1 grouped with sequences from the Americas, West and Central Africa, East 44 Africa, Asia, and Australia. ND4-H1 grouped with similar sequences from the Americas, Asia 45 and West Africa. COI-H2 grouped with sequences from Asia and the Americas. ND4-H2 46 grouped with sequences from the Americas. We report overlapping peaks in four sequences that 47 suggest heteroplasmy in the individuals. The origin of the populations of Aedes aegypti in 48
Introduction 52
Mosquito-borne diseases represent an important risk to human populations, health systems, and 53 economics, especially in tropical poor countries. Aedes aegypti (Linnaeus In this study, we analyzed the genetic diversity of Ae. aegypti collected in 23 cities and towns in 99
Ecuador, including the Galapagos Islands, using the cytochrome oxidase subunit I (COI) and the 100 NADH dehydrogenase subunit 4 (ND4). 101
Materials and Methods 102
Mosquito samples 103 A total of 154 individuals of Aedes aegypti from 22 cities and towns in 14 provinces of Ecuador 104 were collected between 2012 and 2019. Coordinates of each sampling site were registered (Table  105 1). Mosquito collection included locations in the Pacific coastal lowlands, Amazon basin 106 lowlands, and the Galápagos Islands (Fig. 1) . The collecting locations differ in their ecological 107 characteristics and all of them had records of vector-borne viral diseases. Mosquito sampling 108 took place in households in areas considered as high-risk sites for arbovirus transmission due to 109 the high number of arboviral clinical cases reported by sanitary authorities (MSP 2013 (MSP , 2017 . 110
Mosquitoes samples were collected in 14 cities and towns in the coastal Pacific lowlands, six 111 cities in eastern Amazon basin lowlands, and two cities in the Galápagos islands ( Fig. 1) . 112
Samples were collected as larvae and pupae from peridomestic and domestic breeding artificial 113 containers that were taken to the laboratory for adults to emerge. Adult specimens collected in 114 the field were preserved individually in ethanol (70%) at 4°C. 115 COI gene sequences were analyzed from mosquitoes from 16 localities, while ND4 gene 116 sequences were obtained from mosquitoes from 19 localities (Table 1) . Phylogenetic trees were 117 built with the COI and ND4 gene fragments as well as with the concatenated sequences 118 (COI+ND4) to determine genetic relationships among the obtained Ae. aegypti sequences and 119 the regional and global reported sequences. 120 Drummond et al. 2012). For these analyses a strict molecular clock was applied and the default 165 Priors were selected. For analyses of each gene, the length of MCMC chains was of 10 000 000 166 steps with data and trees sampled every 1000 steps. The generated .xml files were then analyzed 167 in BEAST. The .log files were run in Tracer V.1.7.1 in order to evaluate the coherence of the 
DNA extraction and PCR amplification of mitochondrial COI and ND4 genes

Results 202
Haplotypes distribution and frequency 203
The analysis of fragments of the genes COI (672 bp) and ND4 (262 bp) from 154 individuals of 204
Aedes aegypti showed two haplotypes (H1, H2) present in Ecuador mainland and the Galápagos 205
Islands. The phylogenetic analysis of the two detected mitochondrial haplotypes detected 206 identified two well-supported clades. The COI-H1 was the most common in 60.4% of the 207 specimens, while the H2 was detected in 39.6% of the specimens (Table 2) . COI-H1 was 208 detected in 14 localities, and H2 in nine localities, and both haplotypes were detected in seven 209 localities, out of the 16 sampled localities ( Table 2 ). The ND4-H1 was the most common, it was 210 found in 62.3% of the specimens, while ND4-H2 was detected in 37.7% of the specimens (Table  211 3). ND4-H1 was detected in 17 localities, while ND4-H2 was detected in eleven localities, and 212 both haplotypes (ND4-H1, ND4-H2) were detected in nine localities (Table 3 ). ND4 haplotypes 213 showed eight polymorphic sites, all transitions at positions 31, 91, 100, 109, 148, 193, 226 and 214 241, with a length 262 bases (Fig. 2) . The average nucleotide composition was 42.75% T, 215 31.68% A, 19.08% G, and 6.49% C, with a G+C content of 26.3%. COI haplotypes showed 13 216 polymorphic sites, all transitions (C -T or G -A) at positions 38, 173, 239, 242, 251, 323, 464, 217 473, 485, 584, 635, 641 and 665, with a length of 672 bases (Fig. 2) . The average nucleotide 218 composition was 39.14% T, 28.27% A, 17.11% C, and 15.48% G, with a G+C content of 32.9%. 219 COI haplotype and nucleotide diversity of the entire data set (53 sequences) were Hd= 0.488 and 220 π = 0.00943, respectively ( Table 2 ). The average number of nucleotide differences k= 6.33962, 221 and 13 segregating sites (S) were identified. Tajima´s test showed a significant value D= 3.60131 222 (p <0.05), and Fu and Li´s F*= 2.62213, D*= 1.51245 (Table 4 ). ND4 haplotype and nucleotide 223 diversity of the entire data set (132 sequences) were Hd= 0.47 and π = 0.01447, respectively 224 (Table 3 ). The average number of nucleotide differences k= 3.76313, and eight segregating sites 225 (S) were identified. Tajima´s test showed a significant value D= 3.64936 (p <0.05), Fu and Li´s 226 values F*= 2.4672 were significant, while D*= 1.23977 was not significant (Table 5) (Table 4 ). Neutrality tests (D, F*, D*) showed positive values and were significant for 233 sequences from Borbón, while Lita sequences analysis showed negative values and were 234 significant. The rest of localities showed negative values that were not significant (Puerto Ayora, 235 Cumandá and Guayaquil) ( Table 4) . 236 ND4 haplotype diversity (Hd) of the populations varied from 0.429 (Nueva Loja) to 0.667 237 (Francisco de Orellana, Sto. Domingo) (Table 3) . While the nucleotide diversity (π) in the 238 sampled locations varied from 0.01309 to 0.02036. Fu & Li´s D* values were positive and 239 significant for all locations, except Guayaquil (Table 5) Tajima neutrality test (D) showed positive values that were significant (Borbón, Guayaquil), the 242 rest of values were positive and not significant. Fu and Li´s F* values were positive and 243 significant for some locations (Puerto Ayora, Cumandá, Borbón and Guayaquil). The D* values 244 were significant for all locations, except Guayaquil (Table 5) . 245 AMOVA test applied to the whole data set of the COI individual gene sequences showed COI 246 Fixation Index (F ST = 0.12328), which was not significant ( Table 6 ). The variation within 247 populations was greater (87.7%) than the variation among populations (12.3%) ( Table 6 ). On the 248 other hand, AMOVA test applied to the whole data set of the ND4 gene sequences showed a 249
Fixation Index F ST = 0.22668, which was significant. The variation within populations was 250 greater (77.3%) that the variation among populations (22.7%) ( Table 7) . 251
The analysis comparing the sequences by geographical region showed COI haplotype diversity 252 of Galápagos was 0.4, Pacific Coast 0.481 and Amazon basin 0.429. Nucleotide diversity varied 253 0.00774 (Galápagos), 0.093 (Pacific coast) and 0.00829 (Amazon basin) (Table 8) Pacific Coast and Amazon basin) showed not significant Fixation indices (F ST , F SC and F CT ) 260 (Table 10) . 261 ND4 Gene haplotype diversity in Galápagos sample was 0.545, Pacific Coast 0.469 and Amazon 262 basin 0.484. Nucleotide diversity for sequences from Galápagos was 0.01666, 0.01443 for the 263 Pacific coast and 0.01490 for the Amazon basin sequences (Table 11) . Neutrality tests (D, F*) 264
were positive values and significant, while D* value was positive and significant only for 265
Galápagos (Table 12 ). Fixation Index (F ST ) value was 0.18728 that was significant, F SC was 266 0.26360 and significant, while F CT was negative (-010365) and was not significant (Table 13) . 267
Negative values indicate excess of heterozygotes and should be interpreted as zero in the 268 AMOVA (Schneider et al. 2000) . 269
Combined analysis of both COI and ND4 genes of 29 sequences from ten localities resulted also 270 in two haplotypes (Table 14 ). There were 21 sequences of haplotype 1 (H1) (73.3%) and 8 271 sequences of haplotype 2 (H2) (26.7%) (Table 14) . H1 was detected in nine locations, H2 in five 272 and both haplotypes (H1, H2) were present in four locations (Table 14) . Haplotype diversity 273 from all data set was 0.405 and nucleotide diversity was 0.0091. Haplotype diversity in analyzed 274 locations varied from 0.5 (Borbón), to 1.0 (Santa Cruz, Cumandá and Guayaquil). Neutrality 275 tests (D, F*, D*) for the whole data set were positive and significant (Table 15 ). AMOVA test 276 applied to the whole data set (29 sequences) of the COI-ND4 genes sequences showed F ST = 277 0.12531 (Fixation Index), which was not significant. The variation within populations was 278 greater (87.4%) that the variation among populations (12.5%) (Table 16) . 279 COI haplotype network showed 13 mutational steps, while the ND4 haplotype network showed 280 eight mutational steps (Fig. 2) . The size of the circle represents the occurrence of each haplotype. 281
The low frequency of H2 might suggest that is a derivation from H1. 282
Phylogenetic analysis of COI and ND4 sequences showed two haplotypes. The grouping of the 283 locations did not show a geographic pattern (Figs. 3, 4) . Combined phylogenetic analysis of 284 concatenated COI and ND4 sequences showed also two haplotypes, the same as the individual 285 analysis of both genes. COI-ND4-H1 was the most abundant in the 10 analyzed localities (Tables  286   2, 3) . There was also coincidence in the grouping of all COI and ND4 sequences when analyzed 287 individually and also when both genes were concatenated and analyzed (Fig. 5 ). The analysis of 288 concatenated COI and ND4 (29 sequences) by geographical region (Galápagos, Amazon basin 289 and Pacific coast) resulted in haplotype diversity (Hd) of 1.0 for Galápagos, and 0.420 for the 290 Pacific coast, nucleotide diversity (π) 0.02248 for Galápagos and 0.00944 for the Pacific coast 291 (Table 17) . Tajima´s test (D statistic) and Fu and Li´s (F* and D*) showed positive significant 292 values (D= 2.12789 (p <0.05), F*= 2.07874 and D*= 1.61887). (Table 18 ). The Fixation Indices 293 (F ST = -0.00901, F SC = 0.17210, F CT = 0.21875) were not significant. The percentage of variation 294 within populations was the highest (100.9%) (Table 19) . 295 COI-H1 (ECU22032_Lita) grouped with sequences from Colombia, Brazil, Bolivia (Americas); 296
Benin and Guinea (West and Central Africa), Kenya (East Africa), India (Asia) and Australia. 297
While COI-H2 (ECU20764_Pto. Ayora) grouped with sequences from Sri Lanka, India, 298
Cambodia, Thailand (Asia); Mexico, Brazil, USA (Americas) and close to sequences from 299
Martinique and USA (0.9207) ( Fig. 6 ). ND4-H1 (ECU22025_Lita) grouped with similar 300 sequences from USA, Mexico, Colombia, Bolivia, Brazil, Perú, Chile (Americas); Myanmar 301 (Asia); Ivory Coast, Guinea, Nigeria, Cameroon, Senegal (West Africa). ND4-302 H2(ECU8306_Pto.Ayora) grouped with sequences from Mexico, Brazil, Colombia and Peru 303 (Americas) (Fig. 7) . 304
We report overlapping peaks in four sequences (Machala, Lita, Macas and Francisco de 305 
